Abstract In a case of 41-year-old man with mild nephropathy, Alport syndrome (AS) was diagnosed from the renal biopsy. However, the a5 chain of type IV collagen expressed in the glomerular basement membrane, which was the atypical staining pattern of AS. Genetic testing suggested autosomal recessive AS from heterozygous mutations at two positions in the type IV collagen a3 chain. These two gene mutations represented a new pattern of mutation and was suggested the association with an atypical a5 chain expression and mild phenotype.
Introduction
Alport syndrome (AS), first described in 1927 by Alport [1] , is a hereditary progressive glomerular disease caused by genetic defects in the type IV collagen a chain [2] . AS is accompanied by bilateral perceptive deafness, lenticonus, and retinal lesions [3] . X-linked AS (XLAS) is caused by genetic anomalies in the type IV collagen a5 chain (COL4A5). In contrast, autosomal recessive AS (ARAS) occurs due to a homozygous or compound heterozygous mutations, and autosomal dominant AS occurs due to heterozygous mutations in the type IV collagen a3 chain (COL4A3) or type IV collagen a4 chain [4] . Microscopic hematuria is observed during initial stages, and proteinuria develops with disease progression. End-stage renal failure is reported to occur by the age of 40 years in 90% of male patients and 12% of female patients with XLAS [5] . ARAS is more severe and progresses more rapidly than XLAS; ARAS patients typically develop end-stage renal failure at a median age 21.8 years, regardless of gender [6] .
Renal biopsy is fundamental for diagnosing AS, and type IV collagen staining provides important information regarding AS diagnosis [6] . Generally, the a3, a4, and a5 chains are not expressed in the glomerular basement membrane (GBM) in ARAS cases, although the a5 chain is expressed in the Bowman's capsules, renal tubular basement membrane, and cutaneous basement membrane [7] . However, this typical staining pattern is not found in all ARAS cases, and although rare, atypical cases have been reported.
We report a case of ARAS with an atypical a chain expression pattern and mild renal impairment with gene mutations that have not been reported previously.
Case report
The patient was a 41-year-old man who was found to have occult hematuria when he was in elementary school. Renal biopsy at that time led to a diagnosis of minor glomerular abnormalities. He underwent no specific treatment. Thereafter, screening urinalysis at school was consistently positive for occult blood, but the patient remained untreated. He had not undergone urinalysis after becoming an adult. At 39 years of age, a health check-up revealed microscopic hematuria (5-10/high-power field of urine blood cells), urine protein of 3?, and urine protein level of 7.52 g/gCr. Thus, the patient was referred to our hospital. Blood tests revealed total protein of 5.5 g/dL, albumin of 3.3 g/dL, blood urea nitrogen of 19 mg/dL, and creatinine of 0.75 mg/dL, indicating hypoproteinemia with preserved renal function. Diabetes mellitus, collagen tissue disease, and infectious disease were ruled out.
The patient had no apparent family history of renal disease or other diseases, and there were no noteworthy physical findings. He had been aware of his hearing loss since the age of 37 years, but had not undergone detailed examination until visiting our hospital, where he was subjected to audiometry and diagnosed with bilateral sensorineural deafness. No ocular disorder was found.
Based on the clinical course and results of the examination, we suspected chronic glomerulonephritis, and thus performed renal biopsy. The cortico-medullary ratio was 6:4. Approximately 13 glomeruli were included, and there was one sclerotic glomerulus. Increased mesangial matrix and segmental sclerosis were found in 4 glomeruli, accompanied by adhesion to the Bowman's capsules. Periodic acid-methenamine silver staining revealed localized duplication of the GBM. Prominent aggregation of foam cells was observed in the interstitium (Fig. 1) . Immunofluorescence staining yielded no specific findings. Electron microscopic findings included uneven thickening, splitting, and lamellation of the GBM (Fig. 2) . Type IV collagen staining showed normal expression of the a5 chain and relatively weak but positive expression of the a2 chain in the GBM. Both the a2 and a5 chains showed normal expression in the Bowman's capsules (Fig. 3 ).
These findings were atypical of male XLAS or ARAS and failed to lead to a definitive diagnosis of AS. Therefore, gene analysis was conducted for the patient and his mother after they provided consent for testing. No sample was collected from the patient's father because he did not provide consent for gene analysis. Genetic testing revealed two mutations: a splicing mutation in exon 16 of COL4A3 and a deletion mutation in exon 42 of COL4A3 (Fig. 4) . There was no mutation in the COL4A4 gene of this patient. The patient's mother also had a deletion mutation in exon 42, while the splicing mutation in exon 16 was considered as derived from the father possibly. Direct sequencing of cDNA confirmed that this splicing mutation showed exon skipping because of the c.933?1G[A mutation in exon 16. He was treated with angiotensin II receptor blocker as renoprotective therapy.
Discussion
We report a 41-year-old patient with abnormal urinalysis and mild renal impairment who was diagnosed with ARAS. Although AS was suspected from renal biopsy findings, atypical type IV collagen a chain staining was observed. Therefore, the diagnosis was established by genetic testing. This case represents AS with gene mutations that have not been reported previously.
Interestingly, this patient had only mild renal impairment at the age of 41 years despite ARAS. We suspected that the deviation from the typical type IV collagen (a2 and a5) staining pattern was associated with his preserved renal function. The a chain immunostaining patterns vary among the kidneys of healthy subjects and XLAS or ARAS patients. In this case, the GBM showed normal expression of the a5 chain and weak but positive expression of the a2, and both the a2 and a5 chains showed normal expression in the Bowman's capsules; this pattern is atypical for ARAS (Table 1) .
Normal or partial expression of the a5 chain has been observed on rare occasions in patients diagnosed with ARAS [3, [8] [9] [10] . Storey et al. explained that the structure of type IV collagen can vary for different patterns of gene mutation [11] . Although type IV collagen in the GBM is not formed by nonsense mutations or other mutations that insert a termination codon in the downstream region, type IV collagen with an abnormal structure may be formed by missense mutations. Therefore, the results of immunostaining are not necessarily reliable in AS diagnosis, and the differences in collagen structure because of the type of gene mutation may be related to the rate of progression of impairment in renal function. Similar cases have been reported for XLAS; Hashimura et al. reported that XLAS patients with non-truncating mutation, in-frame deletion, or splice-site mutation expressed the a5 chain on GBM. They showed less urinary protein and developed into end-stage renal failure at a later age than those without a5 chain expression. a5 chain expression in XLAS patients appears to be related to milder clinical manifestations [12] . Jais et al. reported that there was a difference in the progression of renal impairment between missense mutations and nonsense mutations [13] . Storey et al. reported that nonsense mutations did not produce a3/a4/a5 heterotrimers, and a5 chain expression was absent in immunofluorescence staining. These findings were associated with early onset renal failure. While missense mutations produced an abnormal GBM that was less likely to be deleterious and expressed the a5 chain, these mutations were associated with late-onset renal failure [11] . Therefore, we considered that the presence or absence of the a5 chain which varied with the pattern of gene mutation was related to the prognosis of renal function, regardless of whether patients have XLAS and ARAS. However, no distinct association between genotype and phenotype has been observed with regards to any genotype of AS [14] . Our patient had two heterozygous mutations in COL4A3. The splicing mutation was a 45-bp deletion that skipped c.933?1G[A in exon 16, which is an in-frame mutation. We built up a hypothesis that the a3/a4/a5 heterotrimer was formed and an abnormal GBM was produced by the in-frame mutation, which was not likely to be deleterious. Therefore, this in-frame mutation might be associated with mild renal dysfunction at the age of 41 years. The other mutation in this patient was c.3650_3657del8 bp in exon 42, which was a frameshift causing truncation. Previously, Oka et al. reported that renal prognosis was not associated the presence of truncating mutations at a single allele [9] . Thus, this mutation does not appear to be related to renal dysfunction.
No previous studies have reported ARAS patients with normal renal function in their 40s. However, Oka et al. reported that a 28-year-old ARAS case of a5 staining positive for GBM had not progressed to chronic renal failure, which was similar to our case [9] . Thus, our patient, a male in his 40s with ARAS, was a rare case with mild renal dysfunction. It was possible that the splicing site mutation in exon 16 was de novo or the mutation in exon 42 was on the same allele, since we could not analyze the gene in the patient's father and his sibling. To confirm the genetic diagnosis, we repeatedly recommended this patient's family to receive genetic testing, but we were unable to obtain consent. We considered to sequence subcloned PCR product of cDNA of COL4A3 of this patient. But it was quite difficult to perform total sequencing because there are almost 3500 kbp between exon 16 and 42. Therefore, this patient's family genotype was not completely revealed.
It was difficult to diagnose the patient with AS based on clinical and pathological findings alone, and genetic testing was utilized for diagnosis. However, genetic testing is not performed in all patients. The need for genetic testing should be determined according to the patient's background, including family history, age, and renal prognosis. Considering these factors, genetic testing may be useful for obtaining a definitive diagnosis of AS.
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